The human's voice perceptual quality has many perspectives. It is, not only, an indicator of health and sickness, but also carries information on the speaker's identity, culture, language, dialect and intellectual status [1] . As a means of communication, the acoustic perceptual qualities of the speaking voice are influenced by race, language, intonation and cultural effects. As such, these seem to be major variables in determining the speaking frequencies and carry differences in the vocal characteristics as well.
INTRODUCTION
The human's voice perceptual quality has many perspectives. It is, not only, an indicator of health and sickness, but also carries information on the speaker's identity, culture, language, dialect and intellectual status [1] . As a means of communication, the acoustic perceptual qualities of the speaking voice are influenced by race, language, intonation and cultural effects. As such, these seem to be major variables in determining the speaking frequencies and carry differences in the vocal characteristics as well.
The cross-linguistic differences in the acoustic parameters of the speaking voice, namely the formant frequencies and their dispersion, have been attributed not only to the cross-cultural differences in patterns of stressing and intonation while speaking, but also to the different morphological features of the speakers [2] . Because formants are affected by the shape and configuration of the vocal tract and since these are under the influence of genetic and cultural differences, we anticipate that groups of different languages, cultures and ethnicities to have different acoustics in terms of frequencies and formant characteristics [3] [4] [5] . Yet listeners in general and speech language pathologists in particular build a perceptual evaluation of what is abnormal based on their inherent understanding and knowledge of what is a normal voice and what is deviant from a normal voice, a judgment that is mostly founded on normative data collected invariably from Western population. Other factors that might affect their judgment are their own culture and manner in communication [6] .
With the presence of empirical data in the literature demonstrating some differences in the spectral measurements and speaking frequencies across different cultures and ethnicities, and with the assumption that vowels may not consistently carry acoustic data in a universal fashion, we elected in this study to report the formant characteristics of English-speaking Lebanese men during steady prolongation of vowels /a/ and /i/. 
MATERIALS AND METHODS

Participants
A total of 50 healthy males between the age of 18 and 60 were recruited for the study. Subjects with recent history of upper respiratory tract infection, laryngeal manipulation or surgery, or history of chronic disease known to affect the voice were excluded from the study. All subjects were informed about the study, which was approved by the Institution Review Board of the American University of Beirut, Lebanon.
Data Collection and Analysis
After having read and signed the consent form, each subject was seated in a quiet room in front of a unidirectional condenser microphone at a constant mouth-tomicrophone distance of 10 cm. Each subject was asked to phonate a sustained /a/ and /i/ sound at a comfortable pitch and intensity level. Measures were made in realtime, and formant frequencies across F1, F2, F3 and F4 were determined using the Real-time Spectrogram VP 3950 (Kay Elemetrics). The Sono Match module, using the Real-Time FFT window, was used to confirm the results obtained by the Real-Time Spectrogram. The cursor was placed at the centermost point of the steady-state formant band when looking at the spectrogram. The mean, standard deviation (SD) and range values were derived for all variables. Outliers were detected by the means of a box-plot. Statistical analyses were carried out with SPSS (Version 17). Statistical significance was set at p-value < 0.05.
RESULTS
Demographic Data
All subjects were males with a mean age of 32 ± 4.027 years and a range of (18-60 years). The mean weight and height were 80.684 ± 13.01 Kg and 179.84 ± 7.147 cm, respectively (Table I) . (Table II) .
Formant Frequencies of Vowels /a/ and/i/
DISCUSSION
A review of the literature revealed numerous reports demonstrating that listeners can invariably identify the speaker's age, gender and dialect when the required speaking tasks and duration of voice sample are controlled [7] . Likewise, racial and phonetic characteristics of the speaker could be identified with good reliability during steady vowel prolongations [7] [8] [9] [10] . These perceptual evaluations have been substantiated by other acoustic studies documenting the differences in fundamental frequencies and formant values among various ethnic groups. In a study by Andrianopolus et al., fundamental frequency (F0) and formant frequencies characteristics during sustained vowels varied in relation to race and gender [11] [12] . Along the same line of thought, Altenberg and Ferrand have reported higher mean speaking fundamental frequency (SF0) during connected speech in English-speaking Russian females when speaking English and Russian compared to the mean SF0 of the monolingual English-speaking control group [13] . Similarly, there has been numerous reports showing no consensus regarding the presence of significant differences in the acoustic values between native and English-speaking adults [14] [15] . In comparison to Americans, it appears that for the vowel /a/, the second formant F2 is consistently lower in the English-speaking Lebanese men whereas formant F3 is rather comparable [18] . Likewise for the vowel /i/, F1 is consistently higher and F2 and F3 are consistently lower in Englishspeaking Lebanese men compared to Americans, even though the differences are not significant [16] [17] . Several explanations can be proposed to account for the crosslingual differences in speakers' formant frequencies. These include vocal tract configurations and linguistic factors. The intrinsic relationship between vocal tract configuration and formant frequencies has been clearly confirmed in the literature [19] . Initially due to the limitations of imaging studies the focus was on the vocal tract length but more recent studies using acoustic reflection and magnetic resonance imaging have helped in further dissecting the relationship between the two [2] . Vowel formant frequencies are one of many frequently used acoustic parameters for the analysis of a speaker's speech signal. They are also intimately related to the shape and configuration of the vocal tract which again varies with culture, language, dialect and other genetic and social factors. By altering the shape of the vocal tract, we can change the desired frequencies of vibration or the preferred resonating frequencies, known as formants. These are also affected by the position of the tongue, with F1 for instance being lower when the tongue is at the roof of the mouth, whereas F2 is more related to the frontness and backness of the highest part of the tongue [19] . F3 seems to be more important in determining the phonemic quality of a speech sound, and F4 and F5 reflect more the quality of voice. Aside from the inherent factors such as race, culture and other physiological factors that are major determinants of our vocal frequencies, are the acquired pathological changes and/ or the surgical induced alterations in the vocal tract. The effect of vocal tract alterations on voice has been reported by numerous studies investigating formant characteristics in subjects undergoing surgery of upper aerodigestive system. Reports on formants frequencies following partial laryngectomy, glossectomies, tonsillectomies, palatal surgeries and other interventions [20] [21] [22] , substantiate further the intrinsic relationship between vocal tract configuration and voice.
In order to draw objective conclusions on what is normal or abnormal, non-biased formant frequency analysis among groups of different cultures, ethnicities and native languages must be taken into consideration. The results of our study clearly indicate that there are differences in formant characteristics between Englishspeaking Lebanese men and Americans for the vowels /a/ and /i/. These differences must be considered in the analysis of normal and/or pathological voice samples. This study carries certain limitations. One is the limited number of vowels examined; it would have been more informative to have the formant characteristics of the remaining vowels as well. Second is the fact that our data is limited to men only.
CONCLUSION
Formant characteristics vary among cultures and ethnic groups. The cross-ethnic and cross-cultural variations ought to be taken into consideration by speech language pathologists. The formant frequencies of English-speaking Lebanese men vary in comparison to Americans. Examining the differences between formant frequencies of vowels /a/, /i/ and /u/ of trilingual English-, Frenchand Arabic-speaking subjects compared to monolingual Arabic-speaking subjects will be the core investigation of the future study.
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